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'"toted that fluorocaroons when rele SET 1 **• <»ve 

galoped «„, „ alural gases as ZgSTV*** 0 *" haVe ^ 
' 5 eXam P fe «n !>• found in U.S. 4,436 679 9 *"* " 0art ' on di °*ide and an 
However, there have been verv few a . 
«•"■ CO, as the sole blowing agentTn 2 1 r C ° mmerCia ' ported 

C ° 2 "^nation v* a hydrocarb ' Tr ^ 

«-*» to produce a foam uslng ° £ 1 » » * - object o, the present 
Preferably the foam produced shouM have ° ara 1 ^ agent. 
.. 50011 as a Carbon blown foam MosToratT^ I P ' 0pate at as 
average cell diameter below 22 ll "* ,oam P"*** win have an 

• *»* between 1.6 ,„ ,„ ^ w* "f^ ^ * *£" 

•> a» three dimensions. $ **!* are substantially uniformly oriented 

"'awing agent entrained in. the raT TTT 3 ^ ta » » amount of the 
generally as the proportion 0( b| „ " been previously considered that 

axample pcjysty^e foams J* *»• *>■» decreases w* the dens«y. 

^"'P^'O^ofpolystyranehaCrl^L 9 * *"* °' 1 motes 
of commercial value, particular* wheTSm ' '° ° 6 ,0 ° " aak to be 

P^uc, such as a tray o, other s p^ "sbaT f ** " " "*» aa a "° 
oonsrdered that the control of the foaZtT " ateo baa" previously 

o'blo*ng agent is increased MosTeZT " ^ as h'Jpt. . 
of a proportion „, CO, (when ma ^^1^ We use 

wai 9 h, ,0,34 - 0,68 mo tes C0; , Jg pp^ *"» " * '«« by 
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*ey are extruded al thetvJ ' has als ° "*en found with I * 31 * 
*> **• immediate ^ °' Ws < a "Pa*re ^ ,0ams *•» * 

5 * co 2 ou, o, w « projc: :r e r a ^ 

aoncenfraj,. "» ** * * temperature f£ 

No-withstanding^ " 9 * C0 * 

^cations as L ! " 3 Viscosil V modifier of Z "" n ° ase, « « « 

°een limited to abov,. =i i . aclual samples of Co w- . 35 c 

appreciated how " "*» a " » f* k^"" 6 * 

20 The JZ£?£ ' mpMaM •* Parame J is „ ' „ J" " te n <* 

a °< Prevb To! ** "^C^T*" * a, ™S foams 
^S toW * iS, ° bemaa au re d C^^^n, of the 

have now found ^1' ^ * iha ^eriei beta ^ no ™ a ,, y 
"are specffioaiV in ^^Particularly 

product * ral ,empara "" a «* can enhance ^ S "'" s ^ extruded, is 

« a unexpected, .He , ^ ^ 

W% is teased at the same 
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time it has been unexpectedly found th'Ji 

^tnein ft ia, droplnstockat l^^T^^^. However 

. *e stock at die temperature is f,,* , ' su,prK "* » has been found lh=, °- 
3.«aneou* .ncrae^t, bet ^ ' * * 
"Mr and the ^ •"*» temperature the shrinkage reduces 

^^eventtona^a^p^ « 
femperature can readity be asoeria^, " «™ »»«« 

resmftlowing agent mix by plottino th» „„ Sk " led in art for anv 

-ultant foam against meC^^T «nkage o, 2 

<* «M .emperaturas. b£2Z2 , 3 ' "» * •«* a ranoe 

?ne snnnkage rapidly 

•» "ensKy of the fo am ^JJ* P '° D °*' » of a natural gas Mowing ^ 
conpanwon o, the blowing agem % a" r *"* Pr0POrtfo " al * •» «SJ 
20 «** M con.ro "t^f* hare *-tad contratyt 

"lowrng agent is not impaired. ,h9 Process ™ng relatively |a rge amounts of 

Thus, in accordance with a s„, , 
-.hod of producing an extrutd p, ^ fo^ 2* **** *~- " 
, 5 COmprees: . P tafoam <"^anced physical strength which 

(a) intimately mixing a btowino »„„„. • 
-ator p roportjon „ . natura 3 agem .corporabng CO, and in which the 

raan mix; and ' " ,aste «" M to form an homogeneous 

(h) extruding the resin mix thrnnnh . 

T^ttTiZZZi r ~sl nthepracfceo , 
*» - a Pawner o, copotymer hav^ a. taasT^T * Most preferably, the 
monomenc units prese nt i„ sute5le ' ~J" " 90/1 ^ne monomers, other 
«* ac^ontte and other ™ include aoylfo 

Pc^tyrene pciymer ,80%, * ?, t °" «** 

circumstances, a nucleating agent nX bJZ ' B0% >- * 

2 oiowing agent above about 6.0% by 
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weight, the C0 2 will act a « 

polygene may be blended « * he ^ Mof ^ ^ 

5 K * "arro^ orrtical. , te pre tel ^ ™ 6 "* fl0w W« of he 

™* ura ' 9 " UseU in *• invention is am T- "* ^ "* CO,.. A 
.** * ■ vapour a, he (emperat «-*> »~ m ^ 

0 -w in the Process of he invent Z ' ** '° am is "*<«d. 

*as * repfcced * an equivalent moia m „, T™™ °' C0 > - 

as butane, penlarle „ , hyd ^ ™" ° ,a "Wracartron btang agen , such 

20 * t - a proportion ofaeC 0 i'.TT *" '*»*■*«• 

The applicants „ ave four)d ^ "L ™ m ^' m9 "^"'^ 
hydrocarbon blo^ng agen, is via nj th ~' - addfcn of a 

oam previously b,o„ m «** - obtained front polyene 

amounts of residua, hydrocarbon. Levi ^ IT" - e ""* liable 

■ A convej^ V2 ^h, per res ,n 

i-reased pZ'onTb^ » a metbod an 

«ana«y) ye, still produce a foarn of el^ h . <S ° '° f0m a **» of lowe 
' nreateramoon, o, b«„g ^ ^**>; <» *» *a«on o7a 
a h,gher proportion 0( ^ . ' ™ it important further advantages F iret „ 
«-* -o pmduce the JLm^'Z'"*'" " » ^ 
thickness of the cell walk is reduced Tn! , ** and in the averaoe 
- *• Pnoddc, as he ^JT^^T^^^IZ 
Pntduel Furthemtore, small cell size fol Sm °°"* >r "» su *« of he end 
* <°atns * .rger oe»s. ^ZZ^ ~ 
asen, enables one ,o exfrude a of b,o M „g 

apparatus more easily han , a , w , *T « * * an exfrusion 

ta ,he raae ° f a c ° 2 ■*» p^cnr r used fm 

■me viscosity reducing effect of 
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temperature when ™« * 3.5. u appfc , nts « *U s,yra ns 

the e*usio n tott " «*• bJZ^EJ ' lh6 crifal 

tempe ra6lre as ™ a ° out '35°C. The t»7 8,6 materia ' as * 

Probe was found to k e ™ss/vity of 0 p a q Ue whito , V 6 3M company. 

. s P«*c p roce()ure ' <* *• "-atonal and S is wi * " ** ,he 

temperate as m " at «>e pomt of e»™ ston out „. " refere ™» to the 

Preferably the temn ■ ' Un,ess 

P ar t on the nature nf «, The mos t preferred fem exirus ' on out of the 

- a product 0 f HuntsZ ^ 3 melt flo » index of 3 IT tem P^ture. 

tne -in mi * at h d ^ C ° mP ^ ^ AUSTREX 112 

1 250 C the 8Dn , ' d ' e ,s P refe 'ably between 1 T } the 'Mature of 

a PP''cants have found thai about 12 6° to l3 2 o r D , 

addrtion the material is too coo Z , "* Wfth hi °h levels of II '° W 
Polystyrene is about 120O C ° I T ^ lower |j m ft J J* ^ " ^ 

<* Polystyrene inoreasee.es th! Wema,ure *«*9 for anv , 

temperature inor«=». . «"«»ntration 6f co y~ X P rtlc, " ar S^a 
to e^*, " ■"**» 'o 'vea excess^ ^ ** 81 * 

' " Prefered to hrrther radoce L !,„ * ^.ration 

,he s,ock « die temperature 
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below the critical temperate tk* . ,"' 6 " 

control. P ' S '- ' eadS ,0 a fo ™ is difficult t0 

It is preferred when usina rn *u 
« <*- 10% ,0,25 - 0.2 3 Z^CZ^: C °> * — •« and 

excess™, die pressures for , p^.^ " j"""* 120 -™'C « required to evoid 
preferably ta COj ^^,^^^7°^ !°" °' ^ M °* 
Polystyrene). Sim«a, mo , a r amounu aZTl „ % ( °- 136 " °- 180 m °'es"0Og 
10 At the higher end of CO ZLl! f T USIn£l 0lhw nanj ' a ' 

* -as been mZ^^T ab °- as presents 

strong foam. ^ * 0,6 foam mo *ases leading to an extremely 

hnngs with if further specific ad J*». aspect of the mve ntion 

length of the foam Drought abow a ^ *» *• enhanced physioa, 

20 "xtntded. Previous foams *^^JZ*'T^ 

relatively high densities resuiting ^laree ■"" 35 « "ad 

Pas. it has not been possibie 0 ^1"! ^ ™ Wa " h to 

a»en, * a microfine 001^1^1 D rT "owing 
<f» preferred blowing agent ^ *T'*"* , ' , "W«I* 
* auction of foams 9 o, L^TJXhiorr '° **— ^ » a 
associated with , oams having la rge, J, S S tf ? ^ °* fe,,ess 
thefoams.produced in acoordanca ZZZ . Thereduceo «* thicknesses of 
reduced density. "* «"* in the foams having 

~ resin a satisfacto, foam ^p^S "T* ^ 

extrudmg foam may be used in the process ofZ „ H ' e ^ ment <°' 

tnodificaton may be required to mZZZS!?-™"* al,ta * h 
ensure adequate mi=dn, m*JT£ ^ into and to 

Typicaliy. commercial 4^111^"^ a ' a ™ a «- 

in series (tandem extrusion): „ ZZT! 3 "!* «•*■ or two 

extruders 
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resin is melted and miypri in fK " 7 * 
In some systems, a blowina aapn, • • 

f° d ' e ""° a re 9»" of lower pressure TheTl ' ne<l »»oo°h an 

through a slit die and oas^H n app,icant "as found that J 6 

5 control than f d over a ba r mandrel to « a « foam ^ded 

significantly stretched° as °Zh fr T 1 ** d ' e is P refe rably such that tho « • 

6 ""f' B 5ubsh »*% equal >o ^ ^^Jf?* <* ft o circumference of 
'n most standard arrangements fte^™ ? ° ,,hefoam *»» •» die 
«*■ device may be a coo,e d eZder or a T ' M ^ °**e This 

«-« W,o ^ sW|ed ^ ~, a dynamic coo te , 

By dynam,c cooler it is meant a rooler 
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having a rotating shaft If „ co w ,u " 8 " 

been intaa^ entrajned w «W !* after „ blowi 

dynamic cooler. me cnt,cal temperature by means of a 

conventtonailv and jn fte foam . fej 

carbon dioxide i„,„ me ^ * »™ invention by inconDorating 

between 170»C to 230OC After <f*Z b™adly in the range of 

«tn the resin me „ , . JXSZZZ* te ^en ft, tee , y ^ 
15 - die. ,„ a "* ^ ^ 

^nveniionalapparalus willreducetherj . 3 eXample 3:5% CO the 
cooler to aboo, 155 o c , *rl£££™ * ** "* «" *«* 

invo.es the ose of ^^TT °' ,hfe 
- operate to bring abwt a 9 gre ^ the dyna mie cooier 

° J— * ^o visoossy m 4- ng e t / of l temP r atUre ""'^ "* ™ s ■ 
Percentage addition of oarbon dioxide TL ^ '*»"*■ The greater 
«M foere is tess shear heating £££^£**>. * « *- means 
'be appiicants have found that on non^Z;.^ 0 """"a" «• dynamic 

cooler. 

polystyrene/CO ; foan, of abou, i&Z^JTZ. " *** ,empera,ure fo ' 
P ,as «<* foam. ntt ' eness not Pwnousfy known in an extruded 

Most preferably the foam sheet h ae - J . 
^e average cei, dianteter . n^X ' ^TV 2 0 '° 3 0 ^ 

etructore is preferablv ^ ^ «■ * than 0.001 inches. The eel, 

(0.00004 'UM^JJ^ 1 *" - between , to 2 
Tbe invenbon . „ \* « »*»». 

embodiment in which: be< " Jy refere ooe to the prefer 
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Resin granules are ^J^T?* * <~n in Figure ,. 

a wea a, b, C and D in Fiaur*> 1 m. c * tru °er 2 has four separate *nn= 

pressure in the extruder barrel 2 ic ok , between 3 500 to 45on n ei tL 

chanoers. * J "^*'*^4.W 1 £. P *£ 

•» ^ ^nr C 'T an ^ n,r0dUOed int ° lh * WW»W m e„ , 

'"Figures. ».»■>«« fc..^"^ Mixing tip 7 j s shown in more detail 

the blowing agent within «, . aae( Juate mix ng of th* hint, 

a ayeni within the res h An aitorr.-*- h '9 her Proportion nf 

continuously worked. m ™9h the d.e. The .. mixture should be 
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2^^"*^ ^ ^ 

Gear pump 10 is operated * ^ 5 to 9 ear P™P 10. 

s outpu, a, die . a H °"° am 

at the die II. Vanatl ° nS 030 cause fluctu a«on of sheet 

The well mixed material is then fed into the dynamic cooler 1? nr 0 f a k, 

4000 psi. ne pressure at the die is preferably about 

lmm edi; sh a r : snr* in f a conanuous prare8s 10 -» ~ 

thermofojproducte F~ ms ma H C " ** ""' a te *»'■> 

preferred to form the foam so produced while it is still h„> T / " S 
— .aouum --^fa^SSC*"" ■ 

spe^te 0? it^pSr^ a r is dewed * ~ - 

may be made on any T T " aCCOrdance "* thfe i"™n«on 

1550 C provided that the eoninL!^ ! te ™Perature of between 140 to 

embodiments of this invention 9 9 Sed n the P referred 
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capability. P sho ™ " F.gure 3 ) to increase mixing 

The temperature el the p„ iM 0 , "* * 1 *> .2 microns, 

lowest temperate the. the fjT?. " °' eXrt die ma V "» reduced to me 
» -W*dL Depend^e rj?^ " 

temperature will be somewhere in the reoion Zl T ,0 ™ in9 0pera,i ^ *» 
with a met, flow index 0 , bet^n 2 to 4 ^ ^ ' 2 ° '° 127 ° C *» 

The preferred foam produced hv rh= . 
Figures! and 3 above has a micros 1^ ? * d6SC * ed b ' ref ^"« to 
* The physical characteristics of the I™ T? 35 ^ be ~» 

in Figure 2. 

average cell size: less than 0.001 inch averao^T ,!^ *™* y: 2 '°- 2 ' 2 ^ 
'n orderto assess the u^ZZ?"" = microns. 

of extrusion ou, o, the exfl die 77°*"° ** "* mi * «*• Point 

-me apparatus, polystyrene hatfhg^^ ' ™*- * «* «*•■*. 

» as the blowing agent. In each case 1 1, t ^ ««**«»> CO 

Having a mefl flow index o, 3.5 and ^0^^ "" AUSTRE ^ 1 « 

each the, was , ormed inl0 . meatCy „ '„T < ^ * fMm produ <a« in 

o-«nuousvacuum,ormerandm sSl / '? X 5/10 »* a 

The strength test involved pla ^f. """a^y was tested. 

measuring the maximum force M meTide l I D T ^ **-*" °" a *> - 
would collapse. The resute of this test tor^ml ! " V "* Wi,hSta " d M °" * 
exit die tem^ratures are set out ^^1" , ^ 3 ^ ° f * rent 

A second series of tests », ? ° UCed h Table 1 
•he average cel, s,e wal aS ~ AUSTREX ,12 resin h whlch 
Table 2. measured. The results of these tests are shown in 
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A -14- 

As can be seen from the above test res. .He f« 
1350C whereafter further reduction in .hi . 6 """P"*"* to about 

* «* ,„ a qute ^^r^^r^" 1 ^^ 

5 produced. In particular, itfetobe now tal 1 « f 3 * S ' renalh <* ,he *m 
strength of the foama produrL attm„!°? I* " ™* 1 "* *» «• 
-ewtons J£JS£2E*"" " 1 '° 13400 «- * 20 

«. produced from a oa^h, ,7, ™: h Th 0r T *" "* "* ^ - 
1. 2 and 3. ^ 3 ™ Ch h,gher dK1si, V as those in Wats 

ss ~"- r ~ i-jsr: = 

1509C. than the mate "a' which was extruded at - 

Austrax 555 resin which has a Z £ Z?Tk T ** ^ USed 
production of a foam tray were set so tnl t . Llne COnditions fo ' *• 

«a.s using Austrex 112 ^ CO ad* same as in previous 

Produced a, a s,oc k a, die len^ra l^c" Z r °°* « 
5 appeared to be about 128°C at whir* «^ * pt,mum te ™Perature 

dens«y of 2 ,1 ,bs*> a^C^^oT ^ "~ a 
cell see of less than 0.001 inch ' ' ""^ s,ructure a 

The present invention provides mam, fu... 
Polystyrene can be used because the *' Qrade °< 
of a higher percentage caraoTd „ rfd e Z anb °^ »V use 

foam sheet can be made halt Totr LTT ^ - " ? °" *" * 
. ■ - Possible to achieve .^2^ aT^ ~ 
smoothness, reduced brittleness ann -i. , has ad »antages ol 

microfine ce» loams all Tcraal \ZT add *°" 

j content Th.s enables quipment to run taster 
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with low stress. ~ 15 " 

Rnany micro(inece||(oams 

To produce the foams of th. 
«- "ecessan, te the epp,ioa„ 8 1 ro""'"^ °" 
and to W aasa toe proportion of blowing al, m0d *9 *- * CO 

Pe« e^aion be low toe a«*IS^ ^2 
"ana* to toeneby enhanoe atrenqth IT ^ "*"'*"' * «» matena a 

™«n 9 by a way of a <andem^^™> -*n- 
"»<anala (aoob aa nucteatin, agents) «C i J TO " P ° ra,i ° n * •"««- 
the mention. *> "*° ul "apartmg from toe spirit and soope o 
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Claims 16 " 

. x^rr rjrr ;rr : s ^ - * - - - 

mix; and . P St,CS res,n mett 10 f °™ an homogeneous resin 

<*< temperatare * that it is below „ 

t« die. - De 'ore defined) at the pent ofextrusion out of the exit 

^ h :c d n:: r t:?;:^:^ p r resin * « 

exclusively CO, wherein the critical ITT 2 10 4 and the *«in, agent is 
* extrusion out J the ex» £ rt~t ** * « *• P* of 
^^•.n^-.^^J"- 1 - * « ««- probe 

exddsivety CO, wherein the chlioal ^" h ^ * 

extrusion out of the exit die is about JEcT - "" " "* P ° W 0f 

« beamed onto the materia, as » ex te me ell„ T * " "l- 

carbon tT'C^^" 4 " ? — * - 

weight to the weigh, of the re! " ab0W - 5 - 6% <° «* "y 

* A ^-*™d i „o,a i m l1 wherein ft eoon,en,ofoa*o„d l o,de 
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« A method as claimed in clat T Jh We ' 9M * resin ' 
Pressure of between 3,500 ,„ 5 mZ ITT" "* m ' X is a, a 

ex« * and is permitted „ Z h V ^ "° ^ *e 

5 * atmospheric pressure. ^ paSsa ^ * Region m ainl„ed 

^-Ctr^Iii*-- - agon, is Mma% 

■» -* «* ,s reduced «o be J* ernT * I*"*'"" *~ ° 
- adapted te reduce .ha temperature ^S"? T 3 *-* w « 
?7 ° 9 Tme^o°" he " d ^ S '™" anMusl ^ fining an 

1 » « wnenain the resin m« 
18 - A method ac ^ . over a bar mandrel. 

. . ^ermotomted into an ^ Tj^^ «" « *-» * 

20 ofthe foam out oftha exit die """" ""»*«* after the etfrusfon 

less than or equal to 4.0 Ibsffl3 * ' han 0 002 '"<*<* and which has a density 
* . fco 3.0 " da ' med ^ ^ * - dens* of the fcam „ b^een 

^e~«SS fc ^ " » Ca^O herein said dens* „ 

22- A polystyrene foam sheet as claims- 

2? e - ^SSrSST^ -ein the average tbiCess 

A polystyrene foam as H=im^ • , ' 
Predominantiyofactosedceilularstructur " 19 ,he te <" * 

* 1- ' P °^' ene Wh6n ^ — - * method claimed in 
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I A,Mm,ra >"™^-e«:e dp o^ nefoamasdaimedinciajm 
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